Basic characteristics and dietary intake of nutrients are shown in Table 1 . Mean age was 47.0 years in both sexes. Geometric mean of serum CRP was significantly higher in men (0.43mg/L) than in women (0.27mg/L) (p<0.001). Intake of protein, calcium, iron, sodium, vitamin A, vitamin C, and cholesterol were significantly higher in women than in men (p<0.001). In contrast, carbohydrate (p=0.02) and alcohol (p<0.001) were significantly higher in men than in women. Serum CRP was positively related to age in women (p<0.001), BMI in both sexes (p<0.001), and smoking in men (p<0.001) (data not shown).
Mean values for fatty acid intake are shown in Table 2 . Total fat intake was 20.8 %E in men and 27.0 %E in women. The ratio of n-6/n-3 in men and women were 4.44 and 4.35, respectively. Among specific fatty acids, higher intakes were observed for oleic acid (6.1 %E in men and 7.8 %E in women) and for linoleic acid (4.6 %E in men and 5.8 %E in women). Mean absolute amounts of fatty acids intake in men and in women were 1.81 g and 1.98 g for ALA, 0.34 g and 0.38 g for EPA, and 0.46 g and 0.51 g for Yoneyama S, et al. these PUFAs in relation to coronary heart disease risk. 12 MUFAs (n-9 fatty acids) may also compete with PUFAs for common metabolic enzymes. Controversies on the relationship of MUFAs and PUFAs to CRP may have arisen because most previous studies were conducted in Western countries where long-chain n-3 PUFA intake is relatively low.
The Japanese diet is rich in seafood, and is therefore correspondingly rich in seafood-based long-chain n-3 PUFAs. For example, Japanese consume 5-8 times more EPA and DHA (0.8-0.9 g/day) than people in the United States (0.1-0.2 g/day). 13, 14 This large-scale cross-sectional epidemiologic study in Japanese is designed to clarify the relationships between the intake of various fatty acids and serum CRP in Japanese, whose diet is rich in EPA and DHA, and to investigate whether intake of EPA and DHA influences the relationship between CRP and intake of various other fatty acids.
Study subjects were male and female workers aged 35-60 years employed at a zipper and aluminum sash-producing factory in Japan. In 2002-2003, they underwent health examinations and provided blood sample, and we asked additional questions about medications, physical activity, and smoking status (current, stopped, never). The body mass index (BMI) was calculated as weight (kg)/height 2 (m 2 ). Physical activity was assessed in hours per week spent on common leisure time physical activities expressed as metabolic equivalent hours per week (MET-h/wk).
Dietary habits during the previous month were assessed using a self-administered diet history questionnaire (DHQ), 15, 16 which was completed by each subject at home and was checked by dietitians. The DHQ is a 16-page structured questionnaire that consists of the following 7 sections: general dietary behaviors; major cooking methods; consumption frequency and amount of 6 alcoholic beverages; semi-quantitative frequency of intake of 121 selected food and nonalcoholic beverage items; dietary supplements; consumption frequency and amount of 19 staple foods (rice, bread, noodles, and other wheat foods) and "miso" (fermented soybean paste) soup; and open-ended items for foods consumed regularly (≥ once/wk) but not appearing in the DHQ. The food and beverage items and portion sizes in the DHQ were derived primarily from data in the National Nutrition Survey of Japan and several recipe books for Japanese dishes. 15 Measures of dietary intake for 148 food and beverage items, energy, energy-providing nutrients including each fatty acid, and non energy-providing nutrients such as calcium, iron, sodium, vitamin A, vitamin C, and dietary fiber, were calculated using an ad hoc computer algorithm developed for the DHQ, which was based on the Standard Tables of Food Composition in Japan. 17 Information on dietary supplements and data from the open-ended questionnaire items were not used in the calculation of dietary intake. Detailed descriptions of the methods used for calculating dietary intake and the validity of the DHQ have been published elsewhere. 15, 16 In this study, we used Total fat (%E) Saturated fatty acids (%E) Monounsaturated fatty acids (%E) Polyunsaturated fatty acids (%E) n-3 PUFAs (%E) n-6 PUFAs (%E) (n-6)/(n-3) ratio Palmitic acid (C16:0) (%E) Stearic acid (C18:0) (%E) Oleic acid (C18:1) (%E) Linoleic acid (C18:2 n-6) (%E) -Linolenic acid (C18:3 n-3) (%E) Eicosapentaenoic acid; EPA (C20:5 n-3) (%E) Docosahexaenoic acid; DHA (C22:6 n-3) (%E) PUFAs may interact the relationships of CRP to other PUFAs and MUFAs, we assessed the relationships of three fatty acids (oleic acid, linoleic acid, and ALA) to serum CRP in each tertile of long-chain n-3 PUFAs (EPA+DHA) intake. Results are shown in Table 4 for men and in Table 5 for women. In men, oleic acid and linoleic acid were significantly and inversely related to serum CRP only in the middle tertile of EPA+DHA intake, in the SFAadjusted model (model 2) (Table 4 ). In women, the intakes of oleic acid, linoleic acid, and ALA were significantly and inversely related to serum CRP in the lower and the middle tertiles of EPA+DHA intake (Table 5) .
DHA, respectively.
Multivariate-adjusted geometric means of serum CRP by quintiles of each fatty acid intake are shown in Table 3 . In women, there were significant decreasing tendencies in serum CRP as the quintiles of intakes of total fat, SFAs, MUFAs, and PUFAs increased. For specific fatty acids, significant inverse relationships were observed for oleic acid (p=0.008), and ALA (p=0.026) in women (Table 3 , lower panel). Although these relationships were not statistically significant, similar tendencies were observed also in men (Table 3 , upper panel). Intakes of EPA and DHA were not significantly related to CRP in both sexes.
Because we hypothesized that the intake of long-chain n-3
Total fat Saturated fatty acids Monounsaturated fatty acids Polyunsaturated fatty acids n-3 PUFAs n-6 PUFAs (n-6)/(n-3) ratio EPA+DHA. 13, 14 The INTERMAP study showed that EPA+DHA intake in Japan was 1.2 g/day in men and 0.9 g/day in women, whereas that in the USA was 0.2 g/day in both men and women. 23 In the present study, the relationships of oleic acid, linoleic acid, and ALA to CRP were especially strong when EPA+DHA intake was the average for this population. However, it should be noted that this level is much higher than that in Western countries. If people in Western countries were to consume more EPA and DHA, the anti-inflammatory effects of oleic acid, linoleic acid, and ALA may be stronger.
The mechanisms underlying the relationship of these fatty acids to inflammation and of the interaction with EPA+DHA are yet to be fully elucidated. After ingestion, three types of 18-carbon fatty acids, i.e. oleic acid (18:1 n-9), linoleic acid (18:2 n-6), and ALA (18:3 n-3), are desaturated and elongated to 20-carbon fatty acids by common metabolic enzymes ( 5-desaturase and 6-desaturase). Oleic acid is converted to eicosatrienoic acid (20:3 n-9); linoleic acid is converted to arachidonic acid (20:4 n-6); and ALA is converted to EPA (20:5 n-3). [24] [25] [26] The pro-inflammatory eicosanoids prostaglandin E2 and leukotriene B4 are derived from arachidonic acid. EPA can act as a competitive inhibitor of arachidonic acid conversion to these eicosanoids. Thus, these various fatty acids metabolism may interact with each other, and different effects may occur under different conditions of fatty acids intake among different populations. Further experimental and interventional studies under different conditions are needed to clarify these mechanisms and causal relationships.
Our study has several limitations. First, because the study is cross-sectional, we cannot infer causality from our results. Second, because intakes of oleic acid, linoleic acid, and ALA were strongly correlated with each other, independent relationships between each substance and CRP after adjustment for the other substances were not calculated in order to avoid multicollinearity. Third, although the validity of the DHQ was evaluated for total fat, SFA, MUFA, PUFA, EPA, and DHA, 15, 16 the validity for other specific fatty acids, including oleic acid, linoleic acid, and ALA, have not been fully established. Fourth, male participants may under-report their fat intake, as the total fat intake in men (20.8%E) was lower than that in previous reports in Japan. Although the reasons of relatively stronger relationships between CRP and specific fatty acids intake in women are not clear, one of the reasons might be lower reliability in fat intake in men.
In conclusion, this large-scale cross-sectional study in Japanese subjects suggested that intake of oleic acid, linoleic acid, and ALA would reduce serum CRP, especially when there is moderate intake of long-chain n-3 PUFAs (EPA+DHA). For the Japanese, the present level of seafood intake should be maintained, and, at the same time, substitution of plant-based PUFAs intake for SFAs is recommended. For Western populations, an increased intake of seafood may improve the anti-inflammatory effect of PUFAs.
In this study in a large Japanese population, whose seafood intake is higher compared to that in Western populations, significant and inverse relationships between serum CRP and intakes of total fat, SFAs, MUFAs, PUFAs, and some specific fatty acids were observed especially in women. Also, the significant inverse relationships of serum CRP were observed to oleic acid and linoleic acid in Japanese men with a moderate intake of long-chain n-3 PUFAs (EPA+DHA) and to oleic acid, linoleic acid, and ALA in Japanese women with a lower or moderate intake of long-chain n-3 PUFAs.
Because PUFAs and MUFAs are suggested to retard inflammation, several cross-sectional and intervention studies have been reported from Western countries. Especially for ALA (plantbased, intermediate-chain n-3 PUFA), there are randomized trials showing its anti-inflammatory effects. [7] [8] [9] [10] Although the amount of ALA supplementation in these trials was much higher than the usual dietary ALA intake, our results in Japanese subjects would support their findings. For seafood-based long-chain n-3 PUFAs (EPA and DHA), there have been several studies investigating the relationship to CRP. A cross-sectional study from the Nurses' Health Study found that CRP was 32% lower in the highest quintile of EPA+DHA intake compared with the lowest quintile. 18 However, intervention trials have not yet confirmed that EPA+DHA supplementation decreases CRP. [19] [20] [21] Our study in Japanese subjects also did not show significant relationship of EPA and DHA to CRP.
The so-called Mediterranean-style diet has been reported to reduce cardiovascular risk, and a recent randomized trial reported on its anti-inflammatory effect. 22 This diet is known to be rich in oleic acid, fiber, and antioxidants so that these nutrients may be beneficial in reducing inflammation. Because our results showed a relatively stronger relationship of oleic acid to CRP compared with other fatty acids, further investigation focusing on oleic acid intake is needed. For linoleic acid (plant-based n-6 PUFA), several randomized trials compared anti-inflammatory effect with ALA (n-3 PUFA), [7] [8] [9] and a lower n-6/n-3 ratio has been recommended. However, it has also been shown that a linoleic acid rich diet reduced inflammation. 7 Because our study showed a relatively strong inverse relationship of linoleic acid to CRP especially in women, the substitution of linoleic acid for SFAs may be recommended.
One of the most important purposes of this study was to investigate whether there is an interaction of long-chain n-3 PUFAs intake for the relationships between other fatty acids and CRP. Previous epidemiologic findings on ALA, linoleic acid, and oleic acid in Western countries may be affected by lower intake of EPA and DHA. Japanese have been reported to consume 5-8 times more long-chain n-3 PUFAs. In the United States, intake of n-3 PUFAs was 1.6 g/day (0.7 %E), of which 1.4g was ALA and 0.1-0.2 g was EPA+DHA. In Japan, intake of n-3 PUFAs was 2.8 g/day (2.3 %E), of which 1.9 g was ALA and 0.8-0.9 g was
